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Abstract  The heart of the measurement puzzle, namely the problem of definite 
outcomes, remains unresolved.  This paper shows that Josef Jauch's 1968 reduced 
density operator approach is the solution, even though many question it:  The 
entangled "Measurement State" implies local mixtures of definite but 
indeterminate eigenvalues even though the MS continues evolving unitarily.  A 
second, independent, argument based on the quantum's nonlocal entanglement with 
its measuring apparatus shows that the outcomes must be definite eigenvalues 
because of relativity's ban on instant signaling.  Experiments with entangled 
photon pairs show the MS to be a non-paradoxical superposition of correlations 
between states rather than a "Schrodinger's cat" superposition of states.  Nature's 
measurement strategy is to shift the superposition--the coherence--from the 
detected quantum to the correlations between the quantum and its detector, 
allowing both subsystems to collapse locally to mixtures of definite eigenvalues.  
This solution implies an innocuous revision of the standard eigenvalue-eigenstate 
link.  Three frequent objections to this solution are rebutted.   
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1  Introduction 
 
 When a quantum system's state is a superposition of eigenstates of some 
observable, measurement of this observable over repeated identical trials yields a 
random distribution of eigenvalues of that observable, with probabilities given by 
the Born rule.  The "measurement problem" is the problem of reconciling this 
observed fact with the other quantum principles, especially the unitary time-
development of the state.   
 The problem can be compactly formalized in terms of a quantum S whose 
Hilbert space is spanned by two orthonormal eigenstates |si> (i=1,2) of some 
observable, in the superposition state  
 
 |ψ>S = c1|s1> + c2|s2>        (1) 
 
where |c1|2+|c2|2=1.  In an ideal (non-disturbing) measurement of S by an 
apparatus A that can reliably distinguish between the states |si>, the unitary time 
evolution leads to the "measurement state" (MS) for the composite system SA: 
 
 |ψ>SA = c1|s1>|a1> + c2|s2>|a2>,      (2) 
 
where the |ai> are orthonormal states of A that "point" to the microscopic states 
|si> [1] pp. 63-65.  The measurement problem is to show that the MS implies that 
each trial yields a definite outcome (si, ai) of eigenvalues of the measured 
observable and the apparatus, and that the state then collapses irreversibly to 
|si>|ai>. 
 It's a continuing problem that has gathered little consensus.  Thirty-three 
participants in a 2013 quantum foundations conference responded to a multiple-
choice questionnaire as follows:  The measurement problem is (a) a pseudo-
problem (27% agreed), (b) solved by decoherence (16%), (c) solved or will be 
solved in another way (39%), (d) a severe difficulty threatening quantum 
mechanics (24%), (e) none of the above (27%) [2].  In 2011, 17 recognized 
quantum foundations experts provided one-page written responses to several 
questions.  One question was "The quantum measurement problem:  serious 
roadblock or dissolvable pseudo-issue?"  Nine of the 17 said it's an unsolved 
roadblock.  Six said it's not a roadblock but only a pseudo-issue because quantum 
physics does not describe reality, it describes only our own knowledge about a 
veiled microscopic world.  Of the remaining two experts, one said decoherence 
solves the measurement problem and the other said the many worlds interpretation 
solves it [3].  Summarizing, most experts think measurement is a real problem but 
there's little agreement as to whether it's already been solved or how to solve it, and 
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a strong minority think it's not a problem because quantum physics is only 
"epistemic" rather than "ontological."  
 It's useful to break the problem down into two more-or-less independent 
sub-problems.  This paper studies the problem of definite outcomes, aka 
Schrodinger's cat:  How is it that we observe a definite outcome (s1, a1) or (s2, a2) 
when the MS is a superposition implying that in some sense both (s1, a1) and (s2, 
a2) occur?  The other problem is irreversibility:  How does the outcome become 
irreversible when the unitary time-evolution is reversible? 
 Decoherence theory [1] sheds considerable light by showing how a 
quantum's natural environment can effectively measure the system, transforming 
superpositions such as (1) into the MS (2), where the |ai> are now states of the 
environment and/or measurement apparatus A.  Decoherence occurs when the 
environmental states |ai> are not initially orthogonal, implying that these states do 
not fully distinguish between the quantum's states |si>, and a series of system-
environment interactions then ensues that eventually orthogonalizes the states |ai>.  
This process "decoheres"--removes the interferences and coherence from--the 
superposition (1).  Because information about S is now widely and irreversibly 
dispersed in the environment, this process shows how measurements can become 
irreversible [4].  A similar dispersal of information occurs in the case of laboratory 
measurements, with the measuring apparatus and the macroscopic "mark" it makes 
playing the role of the environment [4].   
 The classic measurement example is the double-slit or beam-splitter 
experiment with an electron or photon.  When the quantum is in the two-path 
superposition (1), repeated trials using a viewing screen reveal an interference 
pattern.  These interferences vanish and are replaced by an incoherent mixture 
precisely when the quantum entangles with a which-slit detector to form the MS 
[1] pp. 63-68, [5].   
 Although decoherence solves the irreversibility problem, Schrodinger's cat 
still lurks in the decohered MS.  As Stephen Adler puts it:  "The quantum 
measurement problem consists in the observation that [the MS] is not what is 
observed as the outcome of a measurement!  What is seen is not the superposition 
of [the MS], but rather either the unit normalized state [|s1>|a1>] or the unit 
normalized state [|s2>|a2>]" (the emphasis is Adler's, the square brackets are mine) 
[6].  In other words, despite decoherence (i.e. orthogonality of the |ai>), the MS 
nevertheless exhibits the problem of definite outcomes because it is a superposition 
rather a mixture.   
 In 1968 Josef Jauch presented a solution, based on standard quantum theory, 
to the problem of definite outcomes [7].  This solution has been re-proposed 
several times since 1968 [8] [9] [10] [11]. Unfortunately, Jauch's solution has been 
generally ignored even though it is straightforward, compelling, and follows 
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logically from standard quantum physics with no specialized interpretation.  
Although quantum foundations experts have criticized this solution [1] [12],  I 
suggest it is the correct answer to the problem of definite outcomes.  Section 2 
presents Jauch's solution, which I will call the "local state" solution.  Section 4 
rebuts the most common objections to this solution.   
 It's striking that, despite the experimentally confirmed nonlocal aspects of 
the entangled MS [13], many analyses pay scant attention to nonlocality.  Section 3 
presents a new argument, independent of Jauch's argument, showing that the 
nonlocality of the MS requires the local state solution, lest special relativity's 
injunction against superluminal signaling be violated.  A preliminary version of 
this argument appeared in 2013 [11].   
 The MS is obviously a superposition, but it's not clear exactly what it 
superposes.  In terms of Schrodinger's cat, where S is a radioactive nucleus and A is 
a cat who dies or lives depending on the nucleus' decay or non-decay:  is the cat 
superposed?  The nucleus?  The composite system?  Section 3 shows quantum 
theory's answers are no, no, and no.  The MS is not a superposition of states at all 
but rather a superposition of correlations between states.  The MS says simply that 
both correlations are true:  a non-decayed nucleus is 100% correlated with a live 
cat, and a decayed nucleus is 100% correlated with a dead cat.  This is not 
paradoxical.   
 
2.  The local state solution of the problem of definite outcomes 
 
 To focus the discussion, suppose the quantum S is an electron or photon, 
passing through a double-slit or beam-splitter, with a "downstream" viewing screen 
in place.  Suppose an ideal "which-slit detector" A is present so that, upon 
detection, S and A become entangled in the MS with orthogonal detection states 
|ai>.  It's pedagogically helpful to imagine S and A are separated by a large 
distance such as the 144 km separation achieved in a nonlocal entanglement 
experiment in 2007 [14].  Such a separation entails two "local observers," the first 
to observe S and the second to observe A.  
 A surprising feature of the MS that is known to some analysts but often 
ignored is that neither S nor A is in a superposition.  This is easily proven by 
assuming that S or A is in a superposition, and deriving a contradiction [11].  Those 
who claim that the MS implies a paradoxical macroscopic superposition need to 
explain how this result can be consistent with their claim.   
 Furthermore, it will not do to regard the MS as a simple superposition of 
composite states |bi>=|si>|ai>, for this would hide and ignore the central physical 
feature of the MS, namely its entangled, nonlocal nature.  Because S and A are 
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independent systems that can move relative to each other, they must not be treated 
as a single non-composite system [15]. 
 The problem of outcomes is to show that the principles of quantum physics 
imply that, when the composite system is described by the MS, a definite outcome 
(si, ai) occurs on each trial.   For this, it is sufficient to show that S alone, and A 
alone, exhibit definite outcomes (si, ak), because the MS directly implies that s1 is 
correlated with a1 and s2 is correlated with a2.  It's a standard theorem of quantum 
physics that all measurement statistics for S alone can be extracted from what I will 
call the "local state of S," represented by the reduced density operator  
 
 ρS = TrA(ρSA) =  |s1> |c1|2 <s1| + |s2> |c2|2 <s2|,    (3) 
 
and all measurement statistics for A alone can be extracted from the "local state of 
A," represented by  
 
  ρA = TrS(ρSA) =  |a1> |c1|2 <a1| + |a2> |c2|2 <a2|,   (4) 
 
where ρSA  is the density operator |ψ>SA SA<ψ| formed from the MS [1].   
 These are mixtures, not superpositions.  But here we must be careful.  It's 
false to say that S and A are in the states (3) and (4), because S and A are actually 
in the global MS.  Rather, (3) and (4) predict all measurement statistics for S and A.  
The outcome of a measurement is not a state but rather an eigenvalue--a number or 
other property.  The local states (3) and (4) predict the properties exhibited by S 
and A when the state (2) obtains.  The double-slit experiment with a detector at the 
slits confirms this experimentally:  The instant the detector switches on--the instant 
the entanglement is completed--the pattern observed on the screen switches to a 
simple mixture rather than an interfering superposition.   
 Thus, standard quantum theory applied to the MS predicts that both S and A 
exhibit mixtures rather than superpositions, but mixtures of eigenvalues not 
mixtures of states.  Despite the persistence of the superposed MS, equations (3) 
and (4) predict Schrodinger's nucleus and cat to be in mixtures of decayed or 
undecayed, and dead or alive.   
 Quoting Jauch [7],  
 
"We see that both states have become mixtures.  ...There is no question of 
any superposition here.  ...Moreover, we have a measurement since the 
events in [A] and in [S] are correlated."   
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(However, Jauch gets it slightly wrong by implying the mixtures are "states.")  
Similarly, Rinner and Werner [10] note,  
 
"Applied rigorously, quantum mechanical formalism reduces the problem to 
a mere pseudo-paradox."   
 
This resolves the problem of definite outcomes, even as it leaves us wondering 
what is superposed in the global MS.  I'll answer this below. 
 There is however a valid quibble with the standard theory.  The standard 
"eigenvalue-eigenstate link" (ee link) says that a system exhibits a definite 
eigenvalue if and only if it is in the corresponding eigenstate [16].  The preceding 
analysis shows we must drop the "only if" part, because the measurement yields 
definite eigenvalues even though S and A are in the MS.  This is a trivial revision 
of the quantum fundamentals in the sense that it neither alters nor contradicts other 
quantum principles or experimental results [1].  This revision does entail, however, 
that observation of a particular eigenvalue does not necessarily imply that the 
observed system was in the corresponding eigenstate just prior to the observation.  
The system could, in fact, have been in an entanglement with one or more other 
systems as suggested by recent results concerning entanglement in many-body 
systems [17].   
 The local state solution has a lot in common with several previous analyses 
known collectively as "modal interpretations" of quantum physics [18].  These 
interpretations are motivated by a mathematical implication of Hilbert spaces 
known as the Schmidt biorthogonal decomposition theorem.  This theorem states 
that, given a vector |ψ>	 in a tensor-product Hilbert space formed from two 
subspaces (both assumed here to be N-dimensional), there exist orthogonal bases 
{|sk>} and {|ak>} for the two subspaces such that	|ψ>	can be written in the form  
 
 |ψ> = Σ ck |sk> |ak>.          (5) 
 
Furthermore, the two basis sets are unique if the |ck| are all different.  Quoting 
Dennis Dieks:  
 
[The modal interpretations then] propose the following physical 
interpretation of this formal state.  The mathematical state description (5) 
corresponds to a physical situation in which the partial system associated 
with [the first subspace], taken by itself, possesses one of the values of the 
observable associated with the set {|sk>}.	  The probability that the kth 
possible value is actually present is given by |ck|2 [19].   
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In other words, the modal approach proposes, as a new interpretation of quantum 
physics, the conclusion derived above on the basis of standard quantum principles.   
 The present paper claims the local state solution follows logically from 
standard quantum principles.  It's not a new interpretation, nor does it propose 
significant new postulates (although we must, as we've seen, revise the ee link).  
 The modal view is often called a "no collapse" interpretation because it 
rejects von Neumann's postulate stating that upon measurement of S, the state (1) 
collapses into either |s1> or |s2> [18].  The present paper rejects the notion that 
state collapse needs a special postulate, but it does not reject the notion of state 
collapse.  Indeed, the collapse follows from the other quantum principles.   
 
3.  Nonlocality and measurement:  special relativity implies the local state 
solution  
 
 This section buttresses Section 2 with a new argument, based on nonlocality, 
that clinches the local state solution while answering the following question:  Since 
the MS superposes neither nucleus nor cat nor composite system, what does it 
superpose?   
 Nonlocality is written all over the measurement process in general and the 
double-slit experiment in particular [20].  With both slits open and no which-slit 
detector, an interference pattern forms on a downstream viewing screen, showing 
each quantum to be in a superposition of coming through both slits--a nonlocal 
state because of the separation of the slits.  Furthermore, with both slits open and a 
which-slit detector present at only one slit, a non-interfering mixture forms.  Every 
quantum conforms to this pattern, including those coming through the undetected 
slit--a nonlocal effect.  It's been known for decades that entangled states such as the 
MS are nonlocal [13], implying that correlations between them can be altered 
instantly and in violation of John Bell's locality conditions.  So there is both 
experimental and theoretical support for a nonlocal relationship between a 
quantum and its measuring apparatus.  Yet many analyses of quantum 
measurement pay scant attention to nonlocality.   
 One reason for this inattention is that, when a which-slit detector spots a 
quantum coming though one of a pair of parallel slits, the detector is normally 
adjacent to the slit and the small distance obscures the nonlocality.  Nevertheless, 
detector and quantum are entangled in an inherently nonlocal relationship, and the 
physics must reflect this even though it may have no practical effect on the 
experiment at hand.   
 There is in fact at least one double-slit experiment that strikingly highlights 
the non-local relationship between a quantum and its detector.  In 1991, X. Y. Zou 
et al. performed a double-slit experiment (but using beam splitters and photon 
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detectors in place of double slits and viewing screens) employing entangled photon 
pairs [21].   One photon of the pair goes through the double-slit set-up, while the 
other photon acts as a distant detector for the first photon.  The first photon passes 
through the two slits and impacts a viewing screen, while the second photon flies 
away from the slits to a separate detector that could be arbitrarily distant from the 
first photon.  The ingenious geometry of these paths ensures that, by either (1) 
inserting or (2) not inserting a barrier along one of the second photon's two paths, 
this second photon either (1) detects or (2) doesn't detect, respectively, the slit 
through which the first photon comes.  So the second photon acts as an optional 
which-slit detector for the distant first photon.   
 As expected, on those trials in which the barrier is inserted in the second 
photon's path, the first photon impacts the screen in a mixture of coming through 
one or the other slit, and on those trials in which the barrier is not inserted, the first 
photon impacts the screen in an interference pattern indicating a superposition of 
coming through both slits.  This is strikingly nonlocal.  The first photon could be 
sent into space, and the decision to insert or not insert the barrier made on Earth 
when the first photon was half way to the next star, yet the first photon would 
presumably jump between the mixture and the superposition depending on whether 
the second photon could or could not perform a which-slit detection. 
 The key to understanding quantum measurement lies in understanding the 
nonlocal relationship that develops between S and A when they evolve unitarily 
into the entangled MS.  In appropriate experiments, the MS violates Bell's 
inequality, implying the instantaneous nonlocal transfer of correlations across 
arbitrarily large distances [22].  Penetrating experiments involving pairs of photons 
whose phases and momenta are entangled in the MS were conducted in 1990 by 
Rarity and Tapster [23] and, nearly concurrently, Ou et al [24].  These "RTO" (for 
Rarity, Tapster, and Ou) experiments are enlightening guides to understanding this 
relationship.  For pedagogical discussions of these experiments, see [25] and [26].  
 Like Zou's experiment, the RTO subsystems are entangled photons.  
Microscopic subsystems are essential because, in order to understand the MS, 
experimenters must vary the phases of either subsystem, and photons are more 
nimble in this regard than cats.  With a macroscopic detector, the phase relations 
and correlations between S and A are frozen:  s1 is 100% positively correlated with 
a1, and s2 is 100% positively correlated with a2, with no possibility of variation and 
thus no opportunity to observe interference.  Phase variations are needed to 
understand which entities are superposed.  
 The RTO experiments use an ensemble of photon pairs entangled in the MS 
with c1 = c2 = 1/√2.  In each trial, a central source creates two entangled photons S 
and A by parametric down-conversion.  Each pair is emitted into two superposed 
"branches," shown in Figure 1 as a solid line and a dashed line.  Thus S is emitted 
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into two beams (dashed and solid) and so is A.  One beam of S is phase-shifted 
through φS and one beam of A is phase-shifted through φA.  S's and A's two beams 
are overlapped at beam splitters and monitored by photon detectors as shown.  
 
Figure 1.  The RTO experiments.  In each trial, the source emits entangled photons 
A and S into a superposition of the solid and dashed paths to create the entangled 
MS.  The set-up can be viewed as a "double double-slit experiment" with each 
photon going into two superposed paths (solid and dashed) with one path phase-
shifted.  Mirrors M and beam splitters BS recombine the beams.  Without 
entanglement, each photon would exhibit coherent interference as a function of 
phase shifts φA and φS.  Entanglement decoheres the interference, so each photon 
exhibits a mixture of eigenvalues while remaining in the coherent MS.  
  
 Without entanglement, the set-up could be described as two double-slit 
interference experiments, with each photon emerging from the source in two 
superposed beams that interfere at separate detection screens at phase shifts φS and 
φA.  Each photon would interfere with itself.   
 Entanglement changes everything:  Even though the detectors might be 
separated arbitrarily widely, the entangled MS entails that each photon acts as an 
ideal which-slit detector for the other photon.  Entanglement decoheres (or 
collapses, or "measures") both single-photon superpositions, so that S and A impact 
their detectors randomly with no sign of dependence on phase shifts, just as 
predicted by the reduced density operators (3) and (4).  Thus, each photon exhibits 
a mixture of definite outcomes with no sign of superposition.   
 But quantum dynamics is unitary, implying that the global MS remains 
coherent despite the incoherence of its subsystems.  Where has the coherence 
gone?  It resides in the relationship between Figure 1's solid and dashed branches 
of the MS.  This global coherence is observed experimentally in coincidence 
measurements which compare the impact points of entangled pairs.  Quantum 
theory predicts, and measurements confirm [23] [24], that the degree of correlation 
between paired photons S and A varies coherently as the cosine of the difference 
φ=φS-φA between the two local phase shifts, as graphed in Figure 2.  In Figure 2, 
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perfect correlation (+1) means the photon detectors always agree:  Either both 
register state 1 or both register state 2.  Perfect anti-correlation (-1) means the 
detectors always disagree:  If one registers state 1, the other registers state 2.  In 
either case, the outcome at S is predictable from the outcome at A.  Zero correlation 
means the detectors agree on a random 50% of the trials, and disagree on 50%, so 
the outcome at S is not predictable from the outcome at A.   Other degrees of 
correlation indicate intermediate situations; for example, a correlation of +0.5 
implies a 75% probability of agreement, while a correlation of -0.5 implies a 75% 
probability of disagreement.   
 In the equivalent double double-slit experiment with two screens, each 
photon "knows" the impact point (equivalently, the phase shift) of the other photon 
and instantaneously adjusts its own impact point in order to form an interference 
pattern as a function of the difference between the two photons' phase shifts!  This 
seems strikingly non-local, and indeed the outcomes violate Bell's inequality.   
 
Figure 2.  The interference of correlations between the two entangled photons of 
the RTO experiments.  As the non-local difference between the phase shifts of S 
and A varies, the degree of correlation shows coherent interference.    
 
 To be more specific about the source of the interference, suppose the phase 
shifter φS in Figure 1 adds a quarter wavelength to the length of the solid branch of 
the global superposition.  This shifts the phase relation between detectors A1 and 
S1 by 90 degrees, which in turn changes the degree of correlation (Figure 2) by 90 
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degrees.  This could for example shift the correlation between the two photons 
from +1 to 0--from perfectly correlated to entirely uncorrelated.  As the phase shift 
difference between the two branches of the global superposition varies from zero 
to π/2 to π, the correlation between the two photons varies from +1 to 0 to -1.  This 
can be best termed an interference of correlations.  In contrast with the situation 
for a single photon, which interferes with itself, the coherence shown in Figure 2 
represents an interference of two sets of correlations between the two entangled 
photons.  Each superposed branch represents a nonlocal correlation between A and 
S; thus two correlations, one of them between A1 and S1 and the other between A2 
and S2, are present at the same time, and they interfere at the global phase shift 
difference φS - φA.  Nonlocality arises because the path length of one or the other 
branch can be varied locally, by varying φS or φA .   
 The coherence of the MS resides in the correlations between the subsystems 
rather than in the subsystems themselves.  The "intensity of correlation" between S 
and A exhibits wave interference, but the "intensity of impacts" by S or A 
separately does not.  The entanglement transforms the coherence of the states of S 
or of A into a coherence of the correlations between the states of S and A, allowing 
S and A themselves to exhibit definite outcomes while preserving global coherence 
as demanded by unitary evolution.   
 Applying this insight to the specific case of the MS with a macroscopic 
measuring apparatus A and with φS = φA = 0, we can now answer the question 
posed earlier:  When a superposed quantum and its detector are entangled in the 
MS, what entities are superposed?  The answer is surprisingly simple:  Only the 
correlations between S and A are superposed.  Thus the MS should be read as:  "s1 
is positively correlated with a1, and s2 is positively correlated with a2."  
Correlations, not states, are superposed.  This is not at all paradoxical.  Nature 
resolves the problem of definite outcomes and allows the global state to evolve 
unitarily by shifting the coherence from individual quantum states to correlations 
between those states.   
 The RTO experiments show that local observations must reveal a phase-
independent mixture of definite eigenvalues at S and at A, rather than a phase-
dependent superposition, because of Einstein's prohibition on superluminal 
information transfer.  After all, if the statistics of A's local outcomes varied with φS, 
any alteration of φS could be instantaneously detected by A, permitting instant 
signaling between local observers.  So the coherence exhibited by the MS must be 
invisible to local observers, and yet show up in the global MS in order to preserve 
the unitary dynamics.  One could regard this as the underlying reason why the 
measurement must shift the coherence from the states of S and A to the coherence 
of the correlations between S and A.  The collapse from superposition to mixture 
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can be viewed as a consequence of the MS's nonlocality plus special relativity's 
ban on instant signaling.   
 The analysis in this section is a second, independent, confirmation of the 
local state argument.   
 
4.  Rebutting the objections 
 
 I'll discuss the three most frequent objections [1] to the local state solution.  
For clarity, the discussion is in terms of Schrodinger's cat.   
 The primary objection is that the state we observe experimentally is either an 
undecayed nucleus and a live cat or a decayed nucleus and dead cat, while the 
theoretical MS appears to be a superposition of both situations.  How, in light of 
the superposition, can we have definite outcomes?  This is precisely the problem of 
outcomes that Section 2 solves and Section 3 solves again using an independent 
argument.  Either argument shows that there is no dramatic failure of quantum 
physics here, merely a faulty understanding of entanglement.  
 A second objection is that the theoretically predicted and experimentally 
observed mixtures (3) and (4) are "improper" and thus unacceptable.  "Proper" 
mixtures arise from human ignorance of the actual state, and are not unique to 
quantum physics.  The same notion arises in classical thermodynamics where the 
precise classical state of a many-body system is represented by probabilities 
because humans cannot feasibly observe or calculate the precise state.  In fact, we 
apply ignorance-based probabilities to a classical situation whenever we describe a 
flipped coin as having a 50-50 chance of coming up heads or tails.   
 Improper mixtures are uniquely quantum.  They mimic a proper mixture but 
they express the randomness inherent in every quantum state rather than ignorance 
of the state.  They result from reduction (tracing the density operator over the 
unobserved subsystem) of an entangled state of two quanta when just one quantum 
is observed, much as one reduces the probability distribution for two dice to 
predictions for a single die by performing appropriate sums of the two-dice 
probabilities.  When one calculates this reduced density operator for one of the 
entangled quanta in the RTO experiment, one finds the quantum exhibits a mixture 
of definite but indeterminate outcomes.  This mixture is called "improper" because 
it doesn't arise from ignorance of the actual state, which is known to be the MS.  
 The distinction between proper and improper mixtures is useful and real, but 
the argument against improper mixtures is false and the choice of words is 
misleading.  Better terms would be "classical mixture" and "quantum mixture."  
There is nothing improper about the latter.  Indeed, quantum mixtures express the 
essence of quantum physics:  Even when we know the precise state, the properties 
(eigenvalues) that will be observed remain random.   
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 The third objection is "basis ambiguity."  The  argument is that the reduced 
density operators (3) and (4) are mathematically ambiguous in the "degenerate" 
case that |c1|2 = |c2|2 = 1/2; this is because (3) and (4) then reduce to simply ρS = 
IS /2 and ρA = IA/2 where IS and IA are identity operators in each subspace.  The 
eigenvectors of the measurement are then non-unique, and the measurement does 
not determine unique "natural" basis vectors in the two subspaces. 
 This is a specious criticism because a detector is not constructed to pick out 
a particular basis set in a subsystem's Hilbert space; it is designed instead to 
correlate each of two pointer states with a particular physical state of the measured 
quantum system.  The detector must for example transition into |a1> upon 
detecting S to be in |s1>.  It's not designed to transition into some other state such 
as (|a1> + |a2>)/√2.  The basis set used to describe the transition is immaterial--the 
physics is independent of the Hilbert-space coordinate system used to describe it.  
In other words, the answer to this criticism is "so what?"   
 The irrelevance of basis ambiguity is verified in spades in the case of 
Schrodinger's cat, where the degenerate case |c1|2 = |c2|2 = 1/2 occurs at only one 
instant during the nucleus' radioactive decay, namely the half-life.  There's no basis 
ambiguity if we ascertain the cat's health at earlier or later times, because there's no 
degeneracy at these times and the "natural" basis is uniquely determined; basis 
ambiguity crops up only at one instant.  But there is nothing physically distinctive 
about this particular instant in the life of a nucleus.  The half-life is simply a useful 
statistic, like the median age of U.S. citizens (36.9 years).  Nothing special happens 
when a person reaches this age, and nothing special happens to Schrodinger's cat 
when the nucleus reaches its half-life.   
 
5.  Conclusions 
 
 When a detector measures a superposed quantum, standard quantum physics 
predicts the observed outcome is a mixture of its eigenvalues, and the detector also 
exhibits a mixture of eigenvalues.  These outcomes are definite, not superposed.  
As a second argument leading to the same conclusion, the directly observed local 
states must contain no hint of the coherent global state lest relativity's prohibition 
on instant signaling be violated; this implies the outcomes must be mixtures, not 
superpositions, of eigenvalues.  Schrodinger's cat is either dead or alive, not both, 
and the nucleus is either decayed or undecayed.  
 This resolution of the problem of definite outcomes requires that the 
standard ee link be revised.  The ee link states that a quantum system exhibits a 
definite eigenvalue of some observable property if and only if it is in an eigenstate 
of that property.  The words "only if" must be dropped--a trivial revision that 
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neither alters nor contradicts other quantum principles or experiments.  This 
revision implies that we cannot conclude, from observation of a specific 
eigenvalue, that the observed quantum is in the corresponding eigenstate.  It might, 
for example, be entangled with other quanta.   
 Nonlocality experiments demonstrate the precise nature of the coherent 
global measurement state:  It is a superposition only of correlations between the 
detector and its observed quantum, not a superposition of states of the detector or 
states of the quantum.  It should be read as "the quantum's first eigenvalue is 
correlated with the detector's first eigenvalue and the quantum's second eigenvalue 
is correlated with the detector's second eigenvalue."  The superposition, indicated 
by the word "and," is entirely non-paradoxical.  It's by this shifting of coherence 
from states of the subsystems to correlations between the subsystems that the 
evolution of the global state can remain unitary while both subsystems collapse 
into incoherent mixtures.  It's the way nature achieves definite but indeterminate 
outcomes while preserving unitary evolution.   
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